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FORUM _

"

Should Ground Water Samples from
o nitoring Wells Be Filtered Before

I.sboratory Analysis?

This 1s the third of four “Point-Counterpoint~ articles pianr.ed t¢ appeas inthis column. These articies =2 baes 32
dcussion sessions held at the Sixth National Aquuer Restorativn and Grund Water Monitoning Confeicnce & oot
aticie outlining each speaker’s opinion is offered first, followed by the transcript of the discussion session cuning wnich
arrendees have a chance to ask the speakers questions on the ubjoet

Opinion [
b+ Olin C. Braids, Ph.D.

‘The issue of filtration of ground water samples is
stegral o Jiscussions of proper protocol in ground
- «ampiing. Tnere are those who believe that filtra-
- *' to the preparation of & water sample in
ordestuysta.s,.  rative and accurate analysis. There
areotrers who are ... v convinced that filtration will
4=istenously affect the water sample and lead to difficul-
res witn the data acquired from it.

Each side of this issue has merit because the reasons
inr the ground water analysis vary and the objectives in
th= analytical program also differ. There are legitimate
sit-2t:2ns in which a ground water sample shouid not be
{Utered pefore it 1s analvzed for its chemical constituents
wn the laboratory and there are circumstances dictating
that an accurate analysis is only obtained when filtration
s .ucomphshed This discussion will address the situa-

cns in which filtratuon should be mcludd in sampie
prepannon Tt

Fit:atuon in this centext is filtratioa through a
9 45 um pore-size membrane, The same principies aiso
apply of the filtration medium is glass fiber or paper.
Frequentiy, practical limitations of time and sampie
characteristics dictate the use of giass {iber or paper as
prefiiters before the final membrane step.

In dealing with the subject of filtration, one must
aidress the water quality parameters that couid be
affected either by the act of filtzation or by the failure to
fiiter The following characteristics of water are those
inat would be affected by filtration or the lack thereof.

The partial pressure of dissoived gases in water with-
drawn {rom the aquifer could be affected by the process
of filtrauon. The relationship of oxygen, carbon dioxide,
and perhaps other trace gases influences the pH and the
oxsdation-reduction potential of the water. In cases where
the parual pressure of a gas such as carbon dioxide s

significantly affected by the added input from dersmpo-
sition of some other process, the chemical characzeristics
of water can change when that retatiouship is disrupted.

The standard protocol of long standing for dissoived
mnetals is to perform a flitration. Aay suspended matter
nccurming in water is likely to have metal ions adsarde
on it. If the water is preserved with acid prior to analvsis
as the stardard protocols call for, the metais are g+~ 0
be desorbed from the solids. This weuld resuir :a -
soived concealralions of 1etals being hagherinan inr
naily existed.

Iron s {requently found as a constituent of ground
s ater in concentrations, which resuil it its pracipitatisn
when the water 15 exposed to the oxvgen . (a2 atmo-
sphere. Under these conditions the sampie ! pround
water shouid be filtered as rapidly A« possiic wo pievent
conatact with the air and to remove any suspended maie-
fial prior to the addition of acidic presenanives. if the
sample contains suspended matier 4ad dissolved iron,
additon of the acid prior to filtration Mmay desort metals
{rom the suspended matter. If the sampie s ailowed 0 be
1n contact with air for even a matter of minutes pncito
filtration, the iron may preaipitate and co-pracipitate or
adsorb metals that were in solution. Acdification of :Le
sample at this point may redissolve the iron but may also
bring into solution more of the other metais than were in
solution at the time the sample was coliecied,

The presence of suspendex. :natter in water, where the
water bas been in contact wtn or is contaminated with
very slightly soluble organic compounds puses aproblem
similar 1o 1f: he metals. Slightly solubic compeounds
such -+ PCHe bolynuclear aromatc bydrocardon'.
s .ate. ~sterd and many pesticides are in thre class 1
ar . Thec®d sample is extracted with orgafic <uie=ni

12 yted, the compounds will desord and appear

s .2y were in solutioa.

Radiouctive gases such as radon couid be afTected by
fitration because of the pressure change across the fitra-
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.20 med:um There are methods 10 be dissussed aver
:hat can eliminate or runirmize losses of gases sr voiatiie
corapounds in water during the filtration procedure.

Many radioisotopes that may be included un ground
water analyses are sotopes of metals that would be
associated with the suspended solids in 2 water sample.
The fact that these elements are radicactive does not
1nfluence their chemical behavior. Thus, acidic preserva-
ton of the water prior to filtration would result in their
desorption from suspended solids.

Volatile organic compounds may be lost in the process
of filtration if the water is exposed to the atmosphere or if
the fiitration occurs with & pressure change across the
membrane caused by a vacuum. Most volatile organic
compounds listed in the volatile category of the priority
pollutants have low to moderate affinity for the solid
substrate. Thus, water samples for the volatile analysis
are frequently not filtered because the recovery by purping
in the presence of suspended matter can be shown to be
quantitative. Filtration of water in this context requires a
filter placed in the water discharge line. Less desirably,
water may be filtered as soon as possible after collection
by another means of filtration. As noted, delaying filtra-
tion may complicate the acquisition of reliable data if the
water has an appreciable iron concentration.

The issue of filtration of ground water is raised

..... ~ater colected fram =i or g
weils carries ruspended matier as aresuit cithe reruie of
the sedimernts ¢ construction ot the well Prozuctrn
wells used for drinking purposes or for other high <olums
uses are usually constructed to tap a reasopatiy proluic
aquifer and to produce water with good clanity. In con-
\rast, monitoring wells are sometimes screenes L sivty ar
clayey zones and sampies may have substantiai aimour:s
of fine sediment. The amount of suspended matzer is an
artifact of the method of wate: collection and weii con-
struction and is not reproducible through tume. Anv
influence the sediment may have on the resuits of the
chemical analysis must be looked on as biasing the
sample.

This discussion is based on the premise that tne
ground water in question is produced from an unconsoi-
idated aquifer or a crystalline rock aquifer. In some
locations where solution-cavitied aquifers are monitored,
the aquifer water may be carrying sediment. In the formner
cases, the a_uumption is that sediment is not being carried
in suspension.

Olin C. Braids, Ph.D., is with Geraghty & Miller Inc.,

Syomsetr-New-¥ork.
T‘.'.. Pios.da

Opinion 11

by Robert M. Burger

Chemical analysis of ground water is becoming
increasingly important with the emphasis being piaced
onits validity and accuracy. Analytical data from ground
water samples are being used to determine regulatory
compliance, contamination assessment, and waste dis-
posal impacts. The use of this data can aiso result in a
significant finaacial burden for the site owner if the
analysis indicates degradation of the ground water above
the regulatory guidelines. For this reason, it has become
apparent that field sampling protocol minimize sample
degradation oc alteration. data from the
laboratory of ground water can only be termned represen-
tative and valid if the sampler utilizes the necessary pro-
tocols and procedures for ponitoring the in sity charac-
teristics at the tims of collection. Field filtration is one
alteration that can maintaip those characteristics and
temove man-made incerferences caused by the-monitor-
ing well installation. Field filtration is performed by
forcing the sampie through a fiker paper, coliting the
filtrate and preserving it for the appropriate i
analysis. The flitrate & usually termed the dissolved or
soluble fraction of the ground water. The mean pore
diameter of the filter paper has received much discussion
(Classsen 1982, Demayo 1978, Gibb 1981) with respect to
the appropriate size for ground water samples. The con-
seasus is that a 0.45 micron filter paper will remove the
majority of suspended particies whils not removing dis-
solved or colloidal matenial inherent in ground water.
Along with appropriate pore size, discussion has taken

place regarding the different types of filkration apparatus
and their relative merits (Claassen 1982, Unwin 1982).
Pressure filtration with inert gas or in-lne filtration
without sampie coatact with the atmosphere appears to
be preferred methods. Another method commonly used
is with a vecuum sourcs and fiter flask; pulling the
sample through the filter paper. Regardless of the method
or type of equipment, there appears to be general agree-
meat that field filtration is a positive alteration of the
sampie before chemical analysis.

Field filtration can de viewed g3 2 positive alieration
of ground water samples when you consider that most
ground water that is moving through soils are of low
velocity and thereby not capable of carrying particulate
matter. Monitoring wells plsced in silts and clays are
unusuaily difficult to develop and upon sample purging
can create hydraulic gradients capable of carrying par-
ticulate master into the well. These soil particles, if not
removed before preservation and analysis. can produce
high concentrations of organic anc. 1Yorganic analytes
within the sample.

These chemical analytes that are bound to the soil
particies that find their way into the moaitoring well can
and will produce substantial variations within the ground
water ssmpie. These variations can be correlated to the
level of turbidity or suspended solids witkin the samples
(Strausberg 1983). If the data is being used for reguiatory
purposss the impact of the sampier’s capability of pro-
ducing turbid-fres samples becomes crucial With the
increase in long-term compliance menitoring, the vana-
bility of sample collection with different personnel and
equipment incresses the probabiity of chemucai van-
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Regardiess of the type of well instaiiauion. sampiing
procedurses, or type of equpment used, samples that are
fie!d-filtered should provide a consistent and representa-
tive chemical analysis of the ground water.

This viewpoint presents the results of ongoing work
to evaluate the effectiveness of field filtration on labora-
1ory analysis of ground water. The data strongly suggests
that fieid filiration be performed at most sites regardless
of geology and that field filtration reduces the fluctuations
in many of the analysis due to turbidity levels.

Data Collection

Sources

Analytical data is presented and reviewed for 20
monitoring wells from five sites located in northern New
England. All of the monitoring wells are currently being
used and sampled for assessment of waste disposal
impacts or contamination migrating at municipal or
industrial waste disposal sites.

Monitoring wells were chosen at each site for their
adequacy of both filtered and unfiltered chemical analy-
sis, along with minimal impacts from waste sources or
well construction. The wells are screened in a variety of
geologic formations, from marine silts and clays to bed-
rock. Sample collection, filtration and preservation
procedures were reviewed for protocol variations, as weil
as analytical methodology.

Data Review

The data presented here is in graphical form. Each
graphis a comparison of the average total concentration
10 the average dissolved concentration for a particular
parameter. The samples were initially not filtered and
reported as total concentrations over & period of three to
five years and subsequent sampling from these same
wells had filtration performed over a three. to four-year
peniod. All of the samples were collected by the same
persoanel using the same equipment and wers analyzed
by the same laboratory. The analytical precision and
accuracy of the methods empioyed for the analysis were
taken into account when assessing the dissoived vs. total
concentrations for each parameter.

Site ST-V and ST-A

Sites ST-V and A are paper mill sludge disposal
landfills and eight moaitoring weils are reviewed from
both sites. Figure 1 shows the comparison of total vs.
dissoived iron at Site ST-V, the older of the two sites.
Wells |V and 2V are overburden wells screened in clays
and show a high total iron concentration relative to the
dissolved concentration. Wells 100V, 101V, 102V and
103V at the same site are bedrock weils with a eorre-
spondingly lower ratio of total to dissolved iron. Figure 2
shows the comparison of total vs. dissolved zine at site
ST-V. Again, wells |V and 2V have the higher ratios of
total to dissoived, although & much closer ratio than the
iron analysis. On both graphs MW-101V have total and
dissolved concentrations of iron and zinc that are very
similar. An analysis of all the chemical data along with a
review of the site hydrogeology indicates that waste
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Figures Jand d5Rcw ide somparsen f iota + 1. disso.vec
iron and zn¢ for site ST-A. Wells 6, 17A and Z0A are
screetied in the overburden and again have the higher
ratio of total to dissolved concentrations. Wells 17, 17B.
20B and 20 are the dedrock wells and have a lower ratio
sirrular to site ST-V.

Itis apparent that the wells in the overburden material
have significantly large differences between the total and
dissolved state, especially iron. Iron is an especially diffi-
cult parameter for assessing filtration effectiveness since
other changes in ground water chemistry also affectiron.
Oxidation can cause solybie iron to convert to an insolu-
ble form rather quickly (Unwin 1962) and pH and
temperature also play an important role ia the dissolved
concentration of iron. Other metals, although more
resistant to oxidation or coaversion, can coprecipitate
with the insoiuble iron. This may cause lower dissolved
conceatrations of these elements since filtration of the
iron precipitates will remove them aiso.

Site ROC

Site ROC is a municipal landfill and three bedrock
mogitoring wells are compared for total vs. dissolved
iron, sulfate and hardness, Figures 5, 6 and 7. As at the
previous site, the bedrock wells don have the dramatic
varistion betwsen total and dissolved constituents as
have the overburden wells, The wells at this sits are
screened approximately 150 10 250 feet in bedrock. The
bedrock is a limestone and as such, flow through this
geologic material may be predominantly through solution
channeis. This is a situation where filtration may not be
appropriate for assessment of contaminant migration
since the small amounts of suspended solids obtained
with the sample may in fact be inherent in the ground
water,

To assess the effect filtration has on the monitoring
wells, domestic wells located neardy in the bedrock were
compared analytically to the moaitocing well data
Approximately 1S domestic wells are sampled on an
annual basis and the analysis performed is for total
constituents. A comparison of this data with the moni-
toring well daca indicates that the total concentrations of
iron, hardness and sulfase in the domestic wells are in
reiatively closs agresmasnt with the dissolved dsta from
the monitoring wells. .

A comparison of the sverage conceatrations from the
domestic weils and the monitoring wells are as follows:

Amm - !ﬂ

Monitoring Wells Domentic Weolls
Parsmeter Tow) Dimselved Tond
lron 21 o” P 1
Hardnam 14 3 T
Sulfam 4.3 5.3 aan

A possidle reason for the higher concentrations of
total iron, sulfste and Bardness in the monitoriag wells
is the infrequent pumping and possibie well installation
interferences such a8 rock particies remaining in
fractures.
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Site B

Site B is a paper mill sludge disposal site and the
thres monitoring wells reviewed are used o assess
leachaze impact on ground water from the sludge and
a leachats pond. All three wells are screened withun the
overburden, mainly clays and silty sands. Figure 8
shows the relationship between total and dissolved
iron for the three wells. With the exception of MW.
209, the total concentrations are significantly higher.
Of the two wells shown in Figure 9 and 10 the dissoived
concentrations of jum and zisc are sigrufican:ly
lower in MW.-212 with MW-209 having slightly less of
an impact. Both MW-212 and 209 are downgradient
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25320420 ITRITSINRLICS I TTRAnG TAgneS. T mav
e :ne resuit of soorme comiamuinaucn in the ground
water and not 1 resuit of the sed:ment or soii eontnbu.
uon of these two eiements. One positive aspect of fieid
fiization is the ability to screen or remove variadies
during ground water data assessments. Prior to filtra-
uon, chemical analysis of MW-209 was erratic and
conciusions were not easily drawn on whether source
contamination or sediment load were responsible.

Site AU
The last site reviewed is actually a case study or

investigation of the causes for highly erratic and vari-
able chemical data from monitoring wells located at 2
municipal landfill. The client had analytical data from
his monitoring wells that was highly variable and had
some values above the primary and secondary drinking
water standards. An investigation of the analytical
data and the fieid protocols used 1o collect the samples
reveaied the following

o The monitoring wells were not being purged prior to
sampling.

¢ The samples were not field-filtered.

o Sampies were prepared for analysis using different
protocols as follows:

Eveat |—Sampies were not refrigecated followed by
nitric acid addition. The sample was shaken and thea
fiitered through 3 0.45 micron filter. The filter was
analyzed.

Event 2—Samples were refrigerated and preserved with
nitric acid. The sampie was shaken and digested fol-
lowed by filtration through a 0.45 micron filter. The
filtrate was analyzed.

Event 3—Samples were refrigerated and preserved with
nitric acid. The supernatant was decanted, digested
and then filtered through & 0.45 micron fliter foliowed
by anaiysis.

Event ¢—=Samples were field-filtered, preserved with nit-
nic acid except for chloride and refrigerated. They
were then digested and analyzed.

A data comparison was made and found to be signif-
icaatly different for many of the paramestars. Figures 11
though | S shows a comperison of five parameters forfive
wells based upon the event and type of field protocol
followed. From the graphs it can be seen that field filtra-
tion significantly reduced the concentrations
on most of the wells. It is obvious that not field-fiitering
together with digestion of the sediment load crested an
abnormally high iron content indicative of the soi content
rather than of the ground water. Figures 12, 13, 14and 18
show very similar decreases of copper, iron, lead and zinc
much like chioride. Some of the wells that had high
turbidity levels also proved to have the largest differences
between the total and dissolved concentrations. Again,
this situation appears to de typical of wells in low per-
meability formations and the inherent mineral and there-
fore chemical coastituents of the soil become included in
the ground water analytical data whea the samples are
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| Conclusions

Based upon the data coilecied and reviewed from the

20 monitoring wells the following conclusions bave been

reached:

® Dissolved concentrations of chemical anaiytes are
significantly lower than the total concentrations for
the same well.

& The:mpact filtration has on chemisal conceatrations
wiil vary depending upon the geology of the well.

e Monitoring welis are not always instalied in geologic
material that permits turbid-free water t0 be collected.
If chernical analvsis from these wells are to de used in
contaminant or hydrogeologic assessments, fieid fil-
tration is required to remove the soil or rock particles
not inherent in the ground water.

e Adequate assessment of ground water data having
temporal and spaual variations need consistent sam-
pling and analytical protocois performed. Fieid filtra-
uon will provide the same quality {iltrate for chemical
analysis negating inconsistent sampling protocols.
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Gpinion I1I
by John J. Trela. Ph.D.

The objective of any ground water sampling protocoi
is to odtain 3 representative sampis of ground water.

[ pracuce, this objective is, or should be, contralied
by the purpose of the sampling, In selecting 2 methodol-
ogy itisentical to have prior knowledge of the contex: in
whichthe sampling results will be utilized. Will the resuits
be used in a regulatory compliance program for ground
water, will they be used to establish background aguifer
quality, or will they be used :0 address potability? In any
case, is the ground water in the area used raw (i.e.,
private, individual wells) or is it treated prioe to distribu-
uon and use? The answers to these questions are signufi-
cant since they extend beyond a theoretical view of scien-
tific “accuracy” into the reaim of practical significance.

Theoretical Considerations

There is a single key issue to be examined when
deciding whether or not to filter a ground water sample
before analysis. What are these “things” that are being
filtered out and to what extent does their remmoval affect
the ground water quality analysis that is obtained? In this
sense, an effect can be either positive or negative, but in
either case the sample results do not represeat the quality
of the ground water as it existed in the aquifer.

Effects such as these that alter the “true value”™ of 8
parameter in 8 sampie t0 some “other valus® must de
recognized and effectively dealt with to achieve the basic
purpose and objectives of a sampling program.

Most often, these effects are genecated by the process
of well sampling itself - They fall into two broad catego-
ries=physical and chemical.

Physical effects most often are the result of contami-
nation of the water sample with silt or clay particles from
the aquifer matrix. These effects are the product of the
sampling process itself (pumping, bailing, ete.), which
produce turbuient flow immediately adjacest to the well
screen. Turbid ground water sampies are obtained from
poorly or improperly developed or constructed monitor-
ing wells. Additionally, a turbid sample may be produced
from propetly construcied and developed wells thet are
pumped or purged at rates in excess of their yield. This is
especially trus if the geologic formation is excessively
silty, a condition which characterizes many of our aqui-
fers with masginal yisids. It is also & common situation at
industrial or landfill sites becstse of local conditions
and/or poorly deveioped ground water sampling wells.
Our sampling objective is 10 obtain a representative sam-
ple of ground water; what we actuslly obesin is & water
sample that is mixed with a sample of the soil or sediment
that comprises the aquifer. This presents 3 significant
problem since we know that this soil or sediment is not
inert. This will be dealt with subsequently.

Chemical effects are produced when the water samplé
itself reacts to the change in chemical environment pro-
duced by removing the ground water from the aquifer
and exposing it to the air. The most graphic example of
this type of reaction is the formation of the frequently

SosereC srange siaprenipaate srthoc T Sinesams e
dottie afier it s exposed 10 the 4z Dependingcammu:
stances, sigruficant amounts of flocculation may occur n
2 matter of a {ew seconds. In general, most chemucal
changes are the resuit of aeration of the sampie. which
causes radical shufts in dissolved gases such as oxyvgen or
carbon dioxide in the water sample. Such reactions pre-
sent two basic problems. First, the addition or loss of
gases shifts chemical equilibria within the sampie. Thus
shift changes the soiubility of ionic species i soiut:on
and may cause a precipitation reaction to occur. This
reacuon may directly or indirectly affect the concentra.
uon of other dissolved species in the sample whuch are
not reactants involved in forming the precipitate. Sizply,
precipitates are rarely pure in the chemical sanse. Thus
fact is well-recognized by chemists and there is a lcng
string of chemical terms (coprecipitation, solid soiut:as,
adsorption, occlusion, postprecipitation), which are
employed to describe the various mechanisms that resuit
ix;;ge formation of impure precipitates (Flaschka, e: al.
1969).

A good example of this problem involves iron and
caicium, two elements commonly found in grouad water.
An acid ground water (pH 5.5) containing calcium (Ca*?)
and iron (Fe*d) in solutiod is sampled. The sample i
exposed 0 the air and the iron is oxidized (Fe*=Fe* + ¢),
Sinoe fertic iron (Fe*?) is much less soluble than ferrous
iron (Fe*3) the ferric iron precipitates as orange ferric
hydrous oxide: precipitate. The calcium in solution is
partially coprecipitated when the iron is precipitated.
The amount of calkcium in solution is decreased even
though under the same conditions, in the absence of iron,
all the caicium in solution will remain in solution. Second.
with the formstion of the precipitate we have 3 solid in
contact with the sample that can react with the liquid to
decrease the concentration of other ions ia solution by
cation or anioa exchange, absorption, or postprecipita-
tion reactions. Adsorption of both ¢ations and anions
from solution by icon oxides is well-documented in the
technical litersture. For example, a single review asticle
on iron oxides (Schwertmann and Taylor 1977) identified
13 separate rysearch investigations that showed adsorp-
tion of phosphate, molyddate, silicate, sulfate, borate,
coppert, lead, calcium and zine ions from solution by iron
oxides. .

The reaction between the solid and liqud phases in
the ground water sampie can be prooounced in the case
where silt and/or clay particles bave deen withdrawa
from the aquifer with the water. in some cases, depending
on the mineralogy of the silt and clay particles these
changes can significantly akter the content of species in
solution by cation and anion exchange reactions or

jon. The nsture and behavior of these reactions
are discussed elsewhere (van Olphen 1966, Gast 1977) :n
grester detail than is possibie hare.

We caonot assurne that the water and the silt come
from the same place and must be in equilibrium. To the
contrary, we must assume that they are not in equiidrium
since we have altered the chemical environmeat of the
water by removing it {rom the aquifer, exposing 1t *¢ :ne
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Tae reacion betwesn 5o0d prases iprecipiiales or
clay in suspension) and the soiution phase (ground water
sarmple) can be profound. The reactions between the
solid and liquid phases iz natural systems (5ouls. ground
waters) are largely defined by redox resctions and pH as
ey affect solubdility and exchange reactions. The interre-
lationships, aithough exceedingly compiex, are dealt with
in a quite elegant manner in the work of Lindsay (1979).
However, even this work bas significant limitauons since
it deals with a limited number of ionic species and does

"not simultaneously address the aumber of chemical spe-

cies commoniy found in ground water and their syner-
gisms or antagonisms.

Practical Considerations
The foregoing theoretical discussion leads to the fol-

lowing practical probiem statements. Unfitered ground

water samples are acidified before analysis and substances

not in solution can be placed into solution thereby falsely

elevating their conceatration in the sample. Yet, the filter-
ing of ground water samples can remove substances that

were in solution but have precipitated since sampling,

thereby faisely depressing their concentration in the

sample. At first glance these statements seem to pressnt

an insofubie problem. However, there is a solution.

At the first level we should be assured that we are

dealing with a legitimate sampting prodlem and not &

problem that is the result of a poorly constructed well.

Whea excessively turbid samples are produced dueto a
poorly constructed or improperly developed well, the

real solution is to rehabilitate or replace the well, not to
filter the sample. The technicai integrity of the well dic-

tates the techaical integricy of the sample. If the well was

not properly constructed or developed, why should we
assume the weil was screened at the proper interval?
Filtering is only pant of 2 much larger substantive issue of
the value or utility of the well itself. To overcome thess
problems we have required “as-built” construction certi-
fications for ground water monitoring wells in our ground
water regulatory program. I the regulatory program we
also specify construction requirements and performance
standards for monitoring wells. Monitoring wells are
expected 10 be able 10 yield st least 0as to two gallons per
minute of turbid-fres water. This is dose in full recogni-
tion of the fact that thews are certsin geologic circum-
stances where this performance standard may not de
readily attainable. In thess cases it is expected that the
well dnillers’ art de practiced st the level necessary to
obtain the dest resuits possidle. In other cases where the
well begins 10 deliver turbid water after years of use the
correct solution is to rehabilitate or replace the well and
not to filter the sample. Placing this issue behind us we
can effectively deal with those legitimate cases where
precipitates or turbidity are real problems.

In cerwain geologic circumstances whers turbidity

occurs it can be minimized, and in some cases eliminated,
by employing well caging evacuation protocols which

minimize turbulent disturbance (Jow rate peristaktic or

bladder pumping, dailing) over those that creste excessive
turbulence (high-rate ceatrifugal pumping). However,

nete e —- T e TL AT A
0:2.

In the pract.cai sense, the urmung of fitenng 53¢ kev
consideration in these cases. We have encountered a2
vaniety of sampling procedures. Sometunes sampies are
aidified and then filtered i the field. Soretimes ey are
field-fiitered then acidified. On other occasions samples
are acidified and filtered in the laboratory hours to days
after they are colleczed. This vaniety of procedures reflects
the general confusion regarding this issue. In our opinion
a superior methodology includes an in-line futrauon
which is conducted at the time of sampiing In other
cases. commonly used procedures which provide fer
acidification prior to {iltering will yie!d metals analvsis
which represents the sum of dissolved and exchangeabie
cations.

The key issues in deciding on acceptable protocols is
the context of use of the analytical results. For exampie.
is it realistic to filter samples from ground water monitor-
ing wells in a region where residential use of ground
water is from individual wells which are unfiltered anc
uau_wed? Clearly not, becsuse the individuals using the
aquifer are drinking unfiitered water. Similarly, does it
make sense to filter a turbid sample collected frora oae of
the five monitoring wells that are used to determine a
facilityy compliance under 3 state discharge permit pro-
gram or RCRA while not filtering the remaining four
wells because they are not turbid?

The simple technical solution to this prodlem is tc
split the sample and analyze both a filtered and an unfil
tered subsample. Practically, however, these results in :
doubdling of anaiytical costs in all cases. In order tc
reasonably justify the use of split samples, which an
snalyzed in the filtered and unfiltered states, we mus
again place the sampies in the appropriate case context

If the purpose of sampling is to assess potability o
untreated ground water, two samples can be collected
However, only the unfiltered sampie needs to be ansiyze:
at the initial stage. If this sample passes drinking wate
standards or other applicable standards (i.e., state grounc
water standards), the issue of flitering is moot. Alterna
tively, however, if the sampie fails the standards, then
second analysis on the filtered split may be conducted t
determine which portions of the “violation” are attribe
table to dissoived and exchangeable fractions. This anal
sis will lead to & better understanding of the nature ar
distribution of the components in the sample and restric
the additional cost to conditions and circumstances whe
they are technically justified and pecessary.

In cases where precipitates {orm after the sample
collected, the sample should be acidified (pH < 2.(
which in simost all cases, will completely redissoive t
precipitate. The solution analysis will then correc
reflect the original composition of the ground water.

Conclusions
Sampie fiitration is not the correct solution for de

riorsted, poorly developed or poorly constructed we
that produce turbid samples. Post-sampling precipita
should be redissolved by acidification and not fiiterec.

POl I S e AP S
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Lzrssiem s atiampies shou.d de colected and 3 Gltered
sample shouid oniy be anaiyzed when there 1s a regulatory
or public health reason to do so. We should not set up
simple yes or no” mechanical procedures to address the
fiizering of eround water sampies. Documentation shouid
be ‘squired of the actual procedures used under given
cifcumstances so that analytical results may be properly
interpreted. If we oversimplify complex cireumstances
we Wil undoubtedly cause nurmerous srrors.
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Discussion

From the Floor: If you've got a formation with more
than 50 percent fines in it, we cannot install & turbid-
free well; therefore, can we filter?

Trels: [a all cases, no. | would want to look on a case-by-
case basis to determine the appropristeness of the
techniques that were used for construction, the type of
pack that was used, whether it was a geotech fadric or
anything else, reasonably based oa the type of facility.
And what [ mean by that is if you're dealing with &
major hazardous waste facility as opposed to a septic
tank, you might get different answers from me.

From the Floor: So we are still looking at leaving the
filter in the ground; is that why we put a sand pack in?

Trela: [ think there is s generic problem with trying to
compensate for the errors that are produced when you
bring all these solids into your sampie under conditions
of changing equilibrium. Short of doing a dissertation
on each sample, 1 doaY know how you're going to do
that; so 1 think we really have to depend on the well
driller’s art and the prectical application of solutions
to the problem and them oqly deal with those cases
that you have to. And when you have to deal with
them, [ think, in-line fiitretion is better. You dont
want to have precipitation and exchange reactions
and evernthing eise going on simultaneously.

From the Floor: We have gone to low rate pumping—
which is - 1§ gallons per minuts.

Trela: It consumes a lot of tine though. So there are
advantages and disadvantages.

From the Floor: | have two comments. The first one is, |
suspect there is a significant difference between
vacuum and pressure filtration, one being in-line and
quite a bit different in process than pressure filtration.
The other comment is that you usually doat have

wells that are consistent in their construction; and
often, in order te make the data bases useful, you have
10 use either on-site wells or wells that were constructed
at sorne previous time with special permission or spe-
cial construction techniques. The major problem is
consistency. You have to use one technique; and my
guess would be that the best technique would de
in-line pressure filtration.

Burger: That's one of the reasons that we have gone to
filtration; only because you have a variety of situations.
And to compare apples and apples, oid weils, new
wells, wells that we really don have control gver, we
filter across the board. Aad obviously, there are prod-
lems associated with that, but 1 don see how you get
around that except on a case-by-case, well-by-well
basis. There is a practical side depending on what
you're going to use the data for. I think it's important
to take 2 look at what the data is going to be used for
and exactly how exact that data needs to be.

Treta: Wall, 11 answer the question on consistency from
the regulatory perspestive. Generically, on well con-
struction in the regulatory programs’in New Jersey,
we have as-built certifications for monitoring weils. A
contractor has got 0 sign off legally; so that tends o
make people a little more careful about what they are
telling. We also have construction requirements :n
regulatory documents. Guideiioes on how the weils
are to be copstructed in additiog to performance
standards. And again, recogmizing that thaty not
achievable in all cases, but that's what we are shooting
for. That is 8 professional standard we are trying 10
achieve. In addition to that, we have a certified labora-
tory program for ground water sample analysis. In
other words, anybody just can analyze a sample and
turn it in 10 a regulatory agency in New Jersey. And we
also have licensed well drillers.
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We are .0CKinE al the CONCEDL 2nt Now Of n¢IrTem
rating i sampies. We cyrrently nave the recuirement
that, at jeast for landfills, the samples must be collected
by a certified lab. There are 00 technucal requirements
as to qualification, ability, or experience of the peopie
actuaily collecting ground water sampies, and we are
iooking at that question right now because. as I said.
we have seen a lot of people who try to get S0 gallons a
rinute out of a 2-inch well; and it's obvious after
. *<'re there five minutes with them, they have poidea
~hat they are trving to do.

- mthe Floor: How can vou rationalize taking ground
~ater *amples and compsring your data when you
ha\ ¢ aosoiutely no 1dea of how much solids are in the
sample and the solids give you a variability far beyond
anything else that you can even conceive? If the shoe
were on the other foot and | were the one standing up
there telling you that [ wanted to sample and keep my
solids 1n it and vou were sitting back here as a regula-
tor, you would not allow me to do that becsuss the
variability in the samples would be beyond anything
that you could see; and yet, you're telling me that
that's what you want to do. [ can conceive in my own
mind from an analytical point of view how you can get
alarge variable amount of solids between wells and in
the same well even if you sample one right after the
other and compare that data.

Trela: I think if that's happening, there are other kinds of
problems going on.

From the Floor: [ don care about the level ot how much
problem there is. What I'm talking about is an analyti-
cal technique of comparing your dats when you have
avariable in there that you're uulyung that you have
absolutely no control over and it's represestative of
what you took out of the weil.

Trela: What you're saying, the solution to the variable
that's uncontroilabie is to filter it out so you doat have
to deal with it.

From the Floor: In some cases, it is.

Trels: The point is that peopie use the concept of filtering
the sampie as an excuse for bad well construction.
That’s a very common thing,

From the Floor: I'm a0t saying that.

Trela: I wouldnt ask anyons 1o filter sampies or do dual
sampling or spead extrs raonsy where it wasa rea-
sonably prudest 19 do 0. There is a hisrarchy of

analysis.

Frora the Floor: We argus about a well casing absocbing
miniscule amounts of material, and here we are talking
about solids bere that are totally variable.

Trela: ] think'the point that you're not thinking sbout, at
ksxfrommymmamwhmyouﬂ&hu
sampie out of the well, you have colloids in it and you
have solids. You're drawing a conclusion that every-
thing that’s in the solid was in the solid whea it was in
the ground and that everything that's in the solution
was in the solution when it was in ground. | think
that's just as incorrect as taking the other perspective
and saying dissolve everything and put it in solution.
What 1 have recommended here is that you do the

Anarsis, 2o ke sputsampag where s neteItas

From the Floor: 11 e you your ;'" panse am:
oxidation. That goes without saying. That s good
chemistry. No problem there. What 'm taikung adeu:
are coiloidal suspensions that are small but you can
see them; and I'm :aiking about the varab:ity from
well to well. And if vou take the total ana.vsis, partic-
larly on your metais and run them, you're going 0 get
a vanability in your data that's going to be irrecs=c: -
abie no matter what you do.

Trels: It may or may not be, depending upon the forma.
tion and how many metals are in there. Let’'s get iid of
a lot of other things.

From the Flooe: If you want to kaow about the sot. [
give you 8 soil sample and the analysis; and [ won
argue about that.

Trela: What do you do with the water that's in ine so.7°

From the Floor: That's in your water sample.

Trela: That's the reciprocal situation. If [ take a core out
and it's saturated and [ ask for a soil anaiysis, waat do
you do with the water?

From the Floor: Either you filter it or you dry it.

Trela: Will [ get the same answer whether or not you fiiter
it or dry it?

From the Floos: Maybe Bot.

Trela: Probably not
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FIELD FILTRATION POLICY FOR MONITORING WELL GROUNDWATER SAMPLES
REQUIRING METALS ANALYSIS

Tae abjectives of this directive are: (1) to formally state Regios (I RCRA and CERCLA PUUSY wlucd icqura
Soth fiitere:d and unfiltered groundwater sampies for metal analysss; (2) to outline appropriace excepocas iv ine

~eir e .. .nd (3) 1o provide techaical direction for the field Bitration procadurs.
RTTRN ..samdum-”.ummnw:umnm It @ ihe ewnLDIe o
fae iwd «Sirbuts the Cirertve milis (e GERLIRCOr OMPAAEIBLON (O PPTOPNNIS Srojact MARagers and eid Lcncese:.

Q3. . mdadMWnManmme total metals prese. 1 wne
A pPie- -dmea samples cepressat dissolved metals coocsatration aad are oftea more represcatative of = Jue

sulamication (see axcsptions below). muuﬂnmwodwmbdnm&mm
rispcaded solids). mmuuammqummrmuqnuwm
st poor design and iitial development of the well. Whea particies coataining metal species ase suspeaded icso the

,uaumetuducwmumvhm nplwun <2 H;ghlcmul
sanganese, and roa samples often i e the presencs of thess particies. Without
:awmdw.ﬂﬂmnmyw“ohumamd

lni . .. il is occessary to take both fillsred and sallltered samples to fuly charscterize the Lt ooor oL
4t 4 goenosite. Since acd (low pH) may distort the distribution of metals between particulate aaé .. b=l ... -
sresamauca for dmhducuhuphmhpeﬁmdmlum Becauss tb= .- . e e
soiunuity of metals, filtration must ocewr immedistely after sampling.

The exceptions 10 the policy requiring both fltered and uofiltered samples are:

Site spedific geologic conditions where groaadwater may traasport large particulates asd . T -
samples ars represestative of mobile groundwater quality (for example, karst tesraia cr sisu. 20 ;...n,
mumcmnuhﬂyhduwummﬁymnc..-,.-u... QAT

When there is sufficieat historieal dets (2 minimum of four consscutive quarters) frua the suwe wagitorag
wells :bat are to be sampled, then thees wells may fall into one of the fclc ing exczpuoa calcguncs:

1. (f the historical information shows that the Mu- me:bnds are the ame @ the Teizcue v
be “lb‘*a‘hm SAMR, .3 &8 IpEropraie 1 he ustorical
dma-pﬁhhmmumnnh

b. If the nisserical information shows inceasistency betweea the filtered and unfiltered Jaia, uaa ugh evels oi
dumisums are presest in the uafiitered data, oaly flitered samples ace seeded

NOTE: Extrapelation of histerical data from s Umited sember of weils to all the wells a¢ the witein . - -
#ithout 8 clearly justified raticasie. All devistions from takiag BOTH filtered aad wyallltersd grouass.
sampies {or metais must be fuily descrided and justified In the QAPIP.

TECHNICAL GUIDANCE FOR FiL : RATION OF MONITORING WELL SAMPLES FOR METALS . . .L\318

"

1 Designate an ares ia which t tion process is to take plaa. This ar~a must bave 3a c.omont 3ad Cuse-
free enviconment. Whea jilt:+ "PAFALUS iS DOK iA USE, KOEP it .. .cic ! i0 PrOtET (1M LSOUIRE Fullie.cd.
Use cuther a glass or oo .. . ippasratus. Staialess steel is unaw. , able sincs it wur .ontamiuials o3
safuples.

. (over)
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Should Ground Water Samples from
tonitoring Wells Be Filtered Before

|.sboratory Analysis?

Thisus the third of four “Poiat-Counterpoint™ articles pianr.ed tc appea: inthus columa. These artic.es o2 baez o
d.:cussion sessions held at the Sixth National Aquier Restorat.un and Urund Water Monitoring confzicnce A ui.of
aticie outlining each speaker’s opinion is offered first, followed by the transcript of the discussion session < wi:nz wh.ch
airendees ave a chance to ask the speakers questions on the “ubjort

Opinion [
&v Olin C. Braids. Ph.D.

‘The issue of filtration of ground water samples is
.tegral o Jiscussions of proper protocol in ground
- «ampiing. Trere are those who believe that filtra-
*' to the preparation of a water sample in
ordestoysta.s,.  rative and accurate analysis. There
are others who are .. v convinced that filtration will
“=:=tenously affect the water sample and lead to difficui-
=< witn the data acquised from it.

Each side of this issue has ment because the reasons
i~r the ground water analysis vary and the objectives in
t*= analytical program also differ. There are legiumate
sit.2t:2ns in which a ground water sample should not be
{Lteced pefore it is analvzed for its chemical constituents
& the laboratory and there are circumstances dictating
hat an accurate analysis is only obtained when fiitration

mcomphshed Thus discussion will address the situa-
cns in which mtrauon should be mcluded ia sample
preparauon ’

Fidt-ation in this context is filtration thcough a
11435 um pore-size membrane, The same principles also
spply f the filtration medium is glass fiber or paper.
Frequentiy, practical limitations of time and sample
characteristics dictate the use of glass {iber or paper as
prefiiters before the final membrane step.

[n deaiing with the subject of filtration, one must
aidress the water quality parameters that could be
affected either by the act of filtration or by the failure to
fiiter The following characteristics of water are those
that would be affected by filtration or the lack thereof.

The panial pressure of dissolved gases in water with-
drawn from the aquifer could be affected by the process
of filtrauon. The relationship of oxygen. carbon dioxide,
and perhaps other trace gases influences the pH and the
cxdation-reduction potential of the water. [n cases where
the parual pressure of a gas such as carbon dioxide s

significantly aftected by the added input from dezcmpo-
siton of some other process, the chem:cal characienistics
of water can change when that retativuship is d:srupted.

The standard protocol of long standing for Gissoived
metals is to perform a fiitration. Any suspended matter
occurming in water is likely to have metal tons adsarde
on it. If the water is preserved with acid paor to analvsis
as the star.dard protocols cali for, the metais are 1.k~ 10
be desorbed from the solids. This weuld resuir 5 <o
svived conceilations of in€iais baing hughss nan -
nally existed.

Iron s {requently found as a constitzen: of 270 .nd
»ater in concentrations, which resuit inits :'-’" HaHTh

°s

when the water s exposed to the oxvgen ./ (2 atmo-
sphere. Under these conditions ihe .amp:e .~! groand
water should be filtered as rapidiy A< possizic o pisnent

contact with the aif and to remove any suspended Taie:
rial pnor to the addition of acidic preservarives. if (he
sample contains suspencded matier and dissoived iron,
addition of the acid prior to filtration may desor> metals
{rom the suspended matter If the sampie s ailowed 1o e
i contact with air for even a matter of minutes pRcrto
filtration, the iron may precipitate and 29-precipilats or
adsorb metals that were in solution. Acidiication of he
sample at this point may redissolve the iron but mav aiso
bring into solution more of the other met3:. than were:n
solution at the time the sample was collecied.

The presence of suspendex. matter in water, where the
water bas been in contact wata ur s contarmnated with
very slightly goluble organic comzounds pusss 4 prob's™
similar to he metals. Slightly solubic cempounds
such PO Ks, bolynuclear aromauc Bydrocarsor:.
st L.ate, ~sterd, and many pesticides are in thiec.ass o
an - Ahe/®d sample is extracted with orgafic iz

w12 yted, the compounds will desoro and aprear

u .2y were in solution.

Radiouctive gases such as radon couid be aiTecied by
filtration because of the pressure change across the fitra-

ld
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con medium There are methods 10 be ciscussed Taver
123t can slirmurate o muumuze (csses of gases ¢ voate
compounds in water during the {iltration procedure,

Many radioisotopes that may be included in ground
water analyses are motopes of metals that would be
associated with the suspended solids in a water sampie.
The fact that these elements are radicactive does not
1nfluence their chemical behavior. Thus, acidic preserva-
ton of the water prior to filtration would result in their
desorption from suspended solids.

Volatile organic compounds may be lost in the process
of filtration if the water is exposed to the atmosphere or if
the flitration occurs with a pressure change across the
membrane caused by a vacuum. Most volatile organic
compounds listed in the volatile category of the priority
poliutants have low to moderate affinity for the solid
substrate. Thus, water samples for the volatile analysis
are frequently not filtered because the recovery by purging
in the presence of suspended matter can be shown to be
quantitative. Filtration of water in this context requires a
filier placed in the water discharge line. Less desirably,
water may be filtered as soon as possible after collection
by another means of filtration. As noted, delaying filtra-
tion may complicate the acquisition of relisble dataif the
water has an appreciable iron concentration.

The issue of filtration of ground water is raised

weiscarnes cspeadsd matter asaresyit e netyie of
the sedimerts or construction of the wel! Proiuct~a
wells used for drinking purposes or for other high 12
uses are usually constructed to tap a reasonably . _sic
acuifer and to produce water with gnod cIa.my In
trast, monitoring wells 2re sometimes screened w tiit, ¢
clayey zones and sampies may have substantiaj amour:s
of {ine sediment. The amount of suspended matze: is an
antifact of the method of water coilection and weii con-
struction and is not reproducible through time. Anv
influence the sediment may have on the resuits of the
chemical analysis must be looked on as biasing the
sample.

This discussion is based on the prewise that the
ground water in question is produced from an uzconsoi-
idated aquifer or a crystalline rock aquifer. In some
locations where solution-cavitied aquifers aze monitored,
the aquifer water may be carrying sediment. Ia the formmer
Cases, the mmpuon is that sediment is not being carried
in suspension.

Qlin C. Braids, Ph.D., is with Geraghty & Miller Inc.,
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Opinion 11
by Robert M. Burger

Chemical analysis of ground water is becoming
increasingly important with the emphasis being placed
on its validity and accuracy. Analytical data from ground
water samples are being used to determine regulatory
compliance, contamination sssessment, and waste dis-
posal impacts. The use of this data can also result in a
significant financial burden for the sits owner if the
analysis indicates degradation of the ground water above
the regulatory guidelines. For this reason, it has become
apparent that field sampling protocol minimize sample
degradation or aiteration. Analytical data from the
laboratory of ground wates can only be termed represen-
tative and valid lchamphun‘hmthcmpro-
tocols and proedu-for monitoring the in situ charac-
teristics at the time of collection. Field filtration is one
alteration that can maintaip those characteristics and
remove man-made interferences caused by the-monitor-
ing well installation. Field filtration is perforroed by
forcing the sample through a filer paper, the
filtrate and preserving it for the appropnmal
analysis. The filtrate is usually termed the dissoived or
soluble fraction of the ground water. The mean pore
diameter of the filter paper has received much discussion
(Claassen 1982, Demayo 1978, Gibb 1981) with respect to
the appropriats size for ground water samples. The con-
sensus is that a 0.45 micron filter paper will remove the
majority of suspended particles while not removing dis-
solved or colioidal material inhersnt in ground water.
Along with appropriate pore size, discussion has taken

place regarding the differeat types of filtration apparatus
and their relative merits (Claassen 1982, Unwin 1982).
Pressure filtration with inert gas or in-ine i  n
without sample contact with the atmosphere appe.
be preferred methods. Another method commonly w. .
is with a vacuum source and filter flask; pulling the
sample through the fikker paper. Regardless of the method
or type of equipment. there appears to be general agree-
roent that field filtration is & positive alteration of the
sample before chemical analysis.

Fieid filtration can be viewed &s a positive alteration
of ground water samples when you coasider that most
ground water that is moving through soils are of low
velocity and thereby not capable of carrying particuiate
matter. Monitoring wells placed in silts and clays are
unusually difficult to develop and upon sample purging
can create hydraulic gradients capable of carrying par-
ticulate matter into the well. These soil particles, if not
removed before preservation and analysis. can produce
high concentrations of organi. anc 1 nrganic analytes
within the sample.

These chemical analytes that are dound to the soil
particies that find their way into the monitoring well can
and will produce substantial variations within the ground
water sample. These variations can be correlated o the
level of turbidity or suspended solids within the sampies
(Strausberg 1983). If the data is being used for regulatory
purposes the impact of the sampler’s capability of pro-
ducing turbid-free samples becomes crucial. Witk *he
increase in long-term compliance monitoring, the
bility of sample collection with different personné—
equipment increases the probabiity of chemucai van-
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procedures, or type of sguipmen:t used, sampies that are
fieid-fUtered shouid provide 1 consistent and representa-
tive chemical analysis of the ground water.

This iewpoint presents the results of ongoing work
10 evaluate the effectiveness of field filtration on labora.
tory analysis of ground water. The data strongly suggests
that feid filtration be performed at most sites regardiess
¢f geology and that field filtration reduces the fluctuations
in many of the analysis due to turbidity levels.

Data Collection

Sources

Analytical data is presented and reviewed for 20
monitoring wells from five sites located in northern New
Engiand. All of the monitoring wells are curreatly being
used and sampled for assessment of waste disposal
impacts or contamination migrating at muaicipal or
industrial waste disposal sites.

Monitoring wells were chosen at each site for their
adequacy of both fiitered and unfiltered chemical analy-
sis, along with minimal impacts from waste sources or
well construction. The wells are screened in a variety of
geologic formations, from marine silts and clays to bed-
rock. Sample collection, filtration and preservation
procedures were reviewed for protocol variations, as well
as analytical methodology.

Data Review

The data presented here is in graphical form. Each
graphis acomparison of the average total concentration
to the average dissolved concentration for a particular
parameter. The sampies were initially not filtered and
reported as total concentrations over a period of three to
five years and subsequent sampling from these same
wells had filtration performed over a three- to four-year
period. All of the samples were collected by the same
personnel using the same equipment and were analyzed
by the same laboratory. The analytical precision and
accuracy of the methods empioyed for the analysis were
taken into account when assessing the dissoived vs. total
concentrations for each parameter.

Site ST-V and ST-A

Sites ST-V and A are paper mill siudge disposal
landfills and cight monitoring weils are reviewed from
both sites. Figure 1 shows the comparison of total vs.
dissolved iron at Sits ST-V, the oider of the two sites.
Wells |V and 2V are overburden wells screened in clays
and show a high total iron concentration relative to the
dissolved concentration. Wells 100V, 101V, 102V and
103V at the same site are bedrock wells with a corre-
spondingly lower ratio of total to dissolved iron. Figure 2
shows the comparison of total vs. dissolved zing at site
ST-V. Again, wells |V and 2V have the higher ratios of
total to dissolved, aithough a much closer radio than the
iron analysis. O both graphs MW-101V have total and
dissolved concentrations of iron and zinc that are very
similar. An analysis of all the chemical data along with a
review of the site hydrogeology indicates that waste
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Fgeresiand dinew desemparsen :f ictal -5 dissoves
won and anc for site ST-A. Wells 6, 17A and 20A are
screefied in the overburden and aguin have the higher
ratio of total to dissolved concentrations. Wells |7, 17B,
20B and 20 are the dedrock wells and have a lower rauo
sirtular o site ST-V.

Itis apparent that the wells in the overburden material
have significantly large differences between the total and
dissolved state, especially iron. Iron is an especially diffi-
cult parameter for assessing filtration effectiveness since
other changes in ground water chemistry also affect iron.
Oxidation ¢can cause solubie iron to convert to an insolu-
ble form rather quickly (Unwin [982) and pH and
temperature also play an important role in the dissotved
concentration of iron. Other metals, aithough more
resistant to oxidation oOr conversion, can coprecipitate
with the insoluble iron. This may cause lower dissolved
conceatrations of these elements since filtration of the
iron precipitates will remove them also.

Site ROC

Site ROC is a municipal landfill and three dedrock
mooitoring wells are compared for total vs. dissolved
iron, suifate and hardness, Figures 5, 6 and 7. As st the
previous site, the bedrock wells don have the dramatic
varistion between totsl and dissolved constituents as
have the overburden wells. The wells at this site are
screened approximataly 150 to 250 feet in bedrock. The
dedrock is a limestone and as such, flow through this
geologic material may be predominantly through solution
channels. This is a sitvation where filtration may not be
appropriste for assessment of contaminant migration
since the smail amounts of suspended solids obtained
with the sample may in fact be inherent in the ground
water.

To assess the effect filtration has on the monitoring
wells, domestic wells located neardy in the bedrock were
compared analytically to the moaitoring well data
Approximately 15 domestic wells are sampied on an
annual basis and the analysis performed is for total
constituents. A comparison of this data with the moni-
toring well data indicates that the total concentrations of
iron, hardness and sulfate in the domestic wells are in
reiatively close agresment with the dissolved data from
the monitoring wells. .

A comparison of s sverage conceatrations from the
domestic wells and the monitoring wells are as follows:

—— _Aversge Copemptration -mg/L

Monitoring Wells Domenic Wals
Parameter Towmi Dimeived Tomnd
lrea § -1} m 3
Hardnas 146 3 T4
Sulfme 43.3) 15.38 p-¥ )

A possible reason for the higher concentrations of
total iron, sulfate and hardness in the monitoring wells
is the infrequent pumping and possible well installation
interferences such & rock particles remaining in
fractures.
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Site B

Site B is a paper mill sludge disposal sice and the
three monitoring wells reviewed are used to assess
leachate impact on ground water from the sivdge and
a leachate pond. All three wells are screened withun the
overburden, mainly cisys and silty sands. Figure 8
shows the relationship between total and dissolved
iron for the three wells, With the exception of MW.
209, the total concentrations are significantly higher.
Of the two wells shown in Figure 9 and 10 the dissoived
concentrations of magnesium and zioc are signuf -
lower in MW-212 with MW-209 having slight!y~—
an impact. Both MW-212 and 209 are downgradient
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uonof these two eiements. One positive aspest of fie'd
firatoa 1s the ability to screen or remove variabies
during ground water data assessments. Priorto fiitra-
ucn. chemical analysis of MW.209 was erratic and
conciusions were not easily drawn on whether scurce
samaminauon or sediment load were responsible.

Site AU
The last sice reviewed is actually a case study o¢
investigation of the zauses for highiy erratic and van-

abie chemical data from monitonng wells located at 2

Ziunicipai iandfiil. The client had analytical data from

R:s monitoring wells that was highly variable and had

some values above the primary and secondary drinking

water standards. An investigation of the anaiytical
data and the fieid protocols used 1o collect the sarpies
reveaied the {ollowing

¢ The monitonng wells were not being purged prior to
sampling.

¢ The sampies were not fieid-filtered.

® Samples were prepared for analysis using different
protocols as follows: )

Event |—Sampies were not refrigerated followed by
nitric acid addition. The sample was shaken and thea
fitered through a 0.45 micron fliter. The filter was
anaiyzed.

Event 2—Samples were refrigerated and preserved with
nitric acid. The sample was shaken and digested fol-
lowed by filtration through a 0.45 micron filter. The
filtrate was analyzed.

Event 3—Samples were refrigerated and preseived with
nitric acid. The supernatant was decanted, digested
and then filtered through a 0.45 micron fliter followed
by anaiysis. ,

Event 4—Samples were field-filtered, preserved with nit-
nc acid except for chioride and refrigerated. They
were then digested and analyzed.

A data comparisoa was made and found to be signif-
icantly different for many of the parametars. Figures 1l
though | S shows a comparison of five parametars forfive
wells based upon ths event and type of field protocol
followed. From the graphs it can be seen that fisld filtra-
tion significantly reduced the parametar concentrations
on most of the wells. It is obvious that aot fieid-filtering
together with digestion of the sediment load created an
abnormally high iron content indicative of thesod content
rather than of the ground water. Figures 12,13, J4and IS
show very similar decreases of copper, iron, lead and 2inc
much like chioride. Some of the wells that bad high
turbidity levels also proved to have the largest differences
between the total and dissolved conceatrations. Again,
this situation appeass to be typical of wells in low per-
roeability formations and the inherent miseral and there-
fore chemical constcuents of the 30il become included in
the ground water analytical dats when the samples are
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Conclusions

Based upon the data coilected and reviewed {rom the

20 monitoring wells the following conclusions have been

reached:

¢ Dissolved concentrations of chemical analytes are
signiicantly lower than the total concentrations for
the same well

< Thempact filtration has on chemizal conceatrations
wii] vary depending upon the geoiogy of the well.

o Monitoring welis are not always instalied in geologic
material that permits turbid-free water to be collected.
{f chemical analysis from these wells are to be used in
contagunant or hydrogeologic assessments, field fil-
tration is required to remove the soil or rock particles
not inherent in the ground water.

e Adequate assessment of ground water data having
temporal and spsua! variations need consistent sam-
pling and analytical protocols performed. Field filtre-
uon will provide the same quality (iitrate for chemical
analysis negating inconsistent sampling protocols.
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Opuuon [I1
by JoAn J. Tre:a. Ph. D

The objective of any ground water sampling protocai
s to odtain a representative sampie of ground water.

12 pracuce, this objective is, or should be, contralied
by the purpose of the sampling. In selecting 2 methodol-
5@y itis ¢ntical to have prior knowledge of the contex:in
wh.th the samplng results will be uulized. Will the resuits
be used in a regulatory compiiance program for ground
water, wilj they be used t0 establish background agquifer
quaility, ot wiil they be used :0 address potability? In any
case, is the ground water in the area used raw (i.e.,
private, :ndividual wells) or is it treated prior to distribu-
tion and use? The answers to these questions are signufi-
can: since they extend beyond a theoretical view of scien-
tific “accuracy” into the realm of practical significance.

Theoretical Considerations

There is a single key issue to be examined when
deciding whether or not to filter a ground water sample
beiore analysis. What are these “things” that are being
filtered out and to what extent does their removal affect
the ground water quality analysis that is obtained? In this
sense, an effect can be either positive or negative, but in
either case the sampie results do not represent the quality
of the ground water as it existed in the aquifer.

Effects such as these that alter the “true value™ of a
parameter in a sample to some “other value™ must de
recognized and effectively dealt with 1o achieve the basic
purpose and objectives of a sampling program.

Most often, these effects are generated by the process
of weil sampling itself- They fall into two broad catego-
ries—physical and chemical,

Physical effects most often are the result of contami-
nation of the water sample with silt or clay particies from
the aquifer matrix. These effects are the product of the
sampling process itself (pumping, bailing, ete.), which
produce turbuient flow immediately adjacent to the well
screen. Turbid ground water samples are obtained from
poorly or improperly developed or constructed monitor-
ing wells. Additionally, a turbid sample may be produced
from properly constructed and developed wells that are
pumped or purged at rates in excess of their yield. This is
especially true if the geologic formation is excessively
silty, a condition which characterizes many of our aqui-
fers with marginal yields. It is also 3 commoa situation at
industrial or landfill sites because of local conditions
and/ or poorly developed ground water sampling wells.
Our sampiing objective is 10 obtain a represenitative sam-
ple of ground water: what we actually obtain is 3 water
sample thatis mixed with a sample of the soil or sediment
that comprises the aquifer. This presents a significant
problem since we kaow that this soil or sediment is aot
inert. This will be dealt with subsequently.

Chemical effects are produced when the water sample
itself reacts to the change in chemical environment pro-
duced by removing the ground water from the aquifer
and exposing it to the air. The most graphic exazmple of
this type of reaction is the formation of the frequently
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slances, signulicant amounts of Nocculation mar ozLr o
a matter of a few seconds. [n general, most chemuca:
changes are the result of aeration of the sampie, a™:ic
causes radical shufts in dissolved gases such as oxvgen >r
carbon diox:de in the water sample. Such reactions pr=-
2Rt two basic problems. First, the addition or lcss of
gases smifts chemucal equilibna within the sampie. Tmis
shift changes the soiubility of ionic species 1a soiut.on
and may cause a precipitation reaction to occur. Tais
reacuon may directly or indirectly affect the concenira-
uen of other dissoived specres in the sampie anich are
not reactants involved in forming the precipitate. Simp v,
prec:pitates are rarely pure in the chemical sense. Tus
fact is well-recognized by chemusts and there i3 2 lcnj
string of chemical terms (coprecipitation, solid seiute=,
adsorption, ocelusion, postprecipitation), wacn a:e
employed to describe the various mechanisms that resut
in the formatioa of impure precipitates (Flasc=ka, e a.
1969).

A good example of this prodlem involves iron and
calcium, two elements commonly found in ground wasr.
An acid ground water (pH 5.5) containing calcium (Ca*?)
and iron (Fe*?) in solution is sampled. The sampie 1
exposed to the air and the iron is oxidized (Fe*—Fe*l «¢).
Since ferric iron (Fe*?) s much less soluble than ferrous
iron (Fe*3) the ferric iron precipitates as orange fernc
hydrous oxide: precipitate. The calcium in solution is
partially coprecipitated when the iron is precipitazed.
The amount of calcivm in solution is decreased even
though under the same conditions, in the absence oiiron,
all the calcium in solution will remain in solution. Secend.
with the formation of the precipitate we have 2 soiid :n
contact with the sample that can react with the bquid to
decrease the concentration of other ions in solution by
cation or anioa exchange, absorpuon, or posiprecipita-
tion reactions. Adsocption of both cations arnd anuons
from soluton by iron oxides is well-documented in the
technical literature. For exampie, a single review articie
on iron oxides (Schwertmann and Taylor 1977) identified
13 separate investigations that showed adscrp-
tion of phosphate, molybdate, silicate, sulfate, borate,
copper, lead, calcium and zin¢ ions from solution by wan
oxides. .

The reaction between the solid and liquid phases in
the ground water sample can be prosounced in the case
where silt and/or clay particles bave been withdrawan
from the aquifer with the water. In some cases. depending
on the mineralogy of the silt and clay particles these
changes can significantly alter the content of species in
solution by cation and anion exchange reactions of
absorption. The nature and behavior of these reacuons
are discussed elsewhere (van Olphen 1966, Gast 1977 :n
greater detail than is possibie here.

We cannot assume that the water and the siit come
from the same place and must de in equilibrium. Te the
contrary, we must assume that they are not in equitbrum
since we have altered the chemical environmen: of the
water by removing it from the aquifer, exposing i °¢ 1n¢
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The Taction beraesn 53.C Snases Jres.otiles e
clay in suspension; and the sdivtion Paase: ground water
sarople) can de profound. The reactions between the
solid and Lquid phases io natural systems (50us, ground
waters) are largely defined by redox resctions and pH as
they affect solubility and exchange reactions. The interre-
lationships. although exceedingly complex, are dealt with
in a quite elegant manner i the work of Lindsay (1979).
However, even this work has significant imitatons since
it deals with a limited aumber of ionuc species and does

‘not simultaneously address the aumber of chemical spe-

cies commoniy found in ground water and their syner-
gsms or antagonisms.

Practical Considerations

The foregoing theoretical discussion leads to the fol-
lowing practical problem statements. Unfiltered ground
water samples are acidified defore analysis and substances
not in soiution can be piaced into solution thereby falsely
elevating their concentration in the sample. Yet, the filter-
ing of ground water samples can remove substances that
were in solution but have precipitated since sampling,
thereby falsely depressing their concentration in the
sample. At first glance these statements seem to present
an insolubie problem. However, there is a solution.

At the first level we should de assured that we are
dealing with a legitimate sampling prodlem and not s
problem that is the result of a pootly constructed weil.
Whea excessively turbid samples are produced dueto a
poorly constructed or improperly developed well the
real solution is to rehabilitate or replace the well, aot to
filter the sample. The technical integrity of the well dic-
tates the technical integrity of the sample. If the weil was
not properly constructed or developed, why should we
assume the well was screened at the proper interval?
Filtering is only part of a much larger substantive issue of
the value or utility of the well itself. To overcome these
prodlems we have required “as-built” construction csrti-
fications for ground water monitoriag wells in our ground
water regulatory program. Ia the regulatory program we
also specify construction requirements and performance
standards for monitoring wells. Monitoring wells are
expected to be able to yield at lesst 0ne t0 two gallons per
minute of turbid-free water. This is dope in full recogni-
tion of the face that theve are certain geologic circum-
stances where this performance standard may not de
readily attainable. 1n these cases it is expected that the
well drillers’ art be practiced at the level necessary t0
obtain the best resuits possidle. In other cases where the
weil begins to deliver turbid water after years of use the
correct solution is to rehabdilitate or replace the well and
not to fiiter the sampie. Placing this issue behind us we
can effectively deal with those legitimate cases where
precipitates or turbidity are real problems.

In ceruin geologic circumstances where turbidity
occurs it can be minimized, and in some cases eliminated,
by empioying well casing evacuation protocols which

minimize turbulent disturbance (low rate peristaltic or

bladder pumping, bailing) over those that create excessive
turbulence (high-rate centrifugal pumping). However,

-t ST AT e G A
ap.e

inthe pract.casense, heurming of Ltemng s le ce
consideration un these cases. We aave encoumiersd
variety of sampling procedures. Somerimes sat- ~ an
acidified and then filtered ia the field. Some:xme\_/ ar
field-fiitered then acidified. On other oxasicns ™ ‘¢
are aadified and filtered in the laboratory houre &, Ly
after they are coliected. This variety of procedures reflect
the general confusion regarding this issue. In our sginio
a superior methodoiogy includes an in-line trazo
which is conducted at the time of sampiing. {n othe
cases, commonly used procedures which provide {z
acidification prior to filtering will vield me:a's ana:
which represents the sum of dissolved and exchangea:.
cations.

The key issues in deciding on acceptabie protocsis
the context of use of the analytical resuits. For examp.
is it realistic to filter samples from ground water monizo
ing wells in a region where residential use of grourn
water is from individual wells which are unfitersd an
untreated? Clearly not, because the individuais using 1t
aquifer are drinking unfiltered water. Sumilariy, does
roake sense to filter a turbid sample collected frora one ¢
the five monitoring weils that are used to determine
facility’y complisace under a state discharge permit pe«
gram or RCRA while not filtering the remaining fou
wells decguse they are not turbid?

The simple technical soiution to this problem i3 ¢
split the sample and analyze both a filtered and an unfi
tered subsample. Practically, however, these results in
doybling of analytical costs in all cases. In T
ressonably justify the use of split sampies, W~ 1
analyzed in the filtered and unfiltered states, w. .u
again place the samples in the appropriate case contex

If the purpose of sampling is to assess potability
untreated ground water, two samples can be coliecte
However, oaly the unfiltered sample needs 10 be anslyz:
at the initial stage. If this sampie passes drinking wat
standards or other applicsdle standards (i.¢., state grour
water standards), the issue of flitering is moot. Altern
tively, however, if the sample fails the standards, thex
second analysis on the filtered split may be conducted
determine which portions of the “violation” are attnib
table to dissoived and exchangeable fractions. Thisana
sis will lead to a betler understanding of the nature a
disaribution of the components in the sample and resiny
the additional cost to conditions and clrcumstances whi
they are technically justified and pecessary.

In cases where precipitates form after the sampit
collected, the sample should be acidified (pH < 2.
which in aimost all cases, will completely redissolve
precipitats. The soiution analysis will then corres
reflect the original composition of the ground water.

Conclusions

Sample filtration is not the correct solunon for di
riorated, poorly developed or poorly constructed w
that produce turbid samples. Post-sampling - E
should be redissoived by acidification and nov__~ <
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Tt m eI tLmder I ofg T ILIST wtelw irsicth S
1ZrrTemL st AT pesince.C %€ IS letted ang a Nitared
sampie sqos..’d In.y >eandyzed when thers s a regulatory
or public Reaith reason to do so. We shouid not set up
simple “yes or no” mechanical procedures to address the
fizening of ground water samples. Documentation shouid
e 2quired of the actual procedures used under given
circumstances so that analytical results may be properly
interpreted. if we oversimplify complex cucumstances
we wil undoubdtediy cause numerous errors.
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Discussion

From the Floor: If you've got a formation with more
than 50 percent {ines ia it, we cannot install a turbid-
free well; therefore, can we filter?

Trels: [n all cases, no. [ would want to look on & case-by-
case basis to determine the appropriateness of the
techniques that were used for construction, the type of
pack that was used, whether it was a geotech fabric or
anything else, reasonably based oa the type of facility.
And what [ mean by that is if you're dealing with a
major hazardous waste facility as opposed to a ssptic
tank, you might get different answers from me.

From the Floor: So we are still looking at leaving the
filter in the ground, is that why we put a sand pack in?

Trela: [ think there is a generic prodlem with trying to
compensate for the errors that are produced when you
bring all these solids into your sample under conditions
of changing equilibrium. Short of doing & dissertation

« each sample, | doa know how you're going to do
that; so | think we really have to depend on the well
driller’s art and the practical application of sotutions
to the problem and them oqly dea! with those cases
that you have t0. And when you have 10 deal with
them, I think, in-line filtration is better. You dont
want to have precipitation and exchange reactions
and evervthing eise going on simultaneously.

From the Floor: We have gone 10 low rate pumping—
which is -1 gallons per minute.

Trela: It consumes a lot of tire though So there are
advantages and disadvantages.

From the Floor: | have two commeants. The first oneis, |
suspect there is 3 significant difference between
vacuum and pressure filtration, one being in-line and
quite a bit different in process than pressure filtration.
The other comment is that you usually don bave

wells that are consistent 'in their construction; and
often, in order to make the data bases useful, you have
10 use either on-site wells or wells that were constructed
at sorne previous time with special permission or spe-
cial construction techniques. The majoc problem is
consistency. You have to use one technique; and my
guess would be that the best technique wouid e
in-line pressure filtration.

Burger: That's one of the ressons that we have gone 15
fitration; only because you have a variety of situations.
And to compare apples and appies, old weils, new
wells, wells that we really donY have controi over, we
filter across the board. And obviously, there are prod-
lems associated with that, but 1 don see how you get
around that except on a case-dy-case, well-dby-well
basis. There is & practical side depending on what
you're going to use the data for. I think it's important
to take a look at what the data is going to be used {or
and exactly how exact that data needs to be.

Trela: Well, |1 answer the question on consistency irom
the regulatory perspective. Generically, on well con-
struction in the regulatory programs’in New Jersey,
we have as-built centifications for monitoring weiis. A
contractor has got to sign off legally: 50 that teads 1o
make people a little more careful about what they are
telling. We also have construction requirements :2
regulatory documents. Guidelines on how the wells
are to be comstructed in addition to performance
standards. And again, recognizing that thats act
achievable in all cases, but that's what we are shooting
for. That is & professional standard we are trying 1
achieve. In addition to that, we have a centified labora-
tory program for ground water sampie analysis. [a
other words, anybody just can® analyze a sample and
turn it in to a regulatory agency in New Jersey. And we
also have licensed well drillers.
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From the Floor: I'm not saying
Trela: | wouldn\ ask amyons 10 filter samples ot do dual

Ae AT SCKINZ 31USeCTRCRS. T2 R0w O ncarTee
SaUNG &, sampies. We syurtent.y have the recuirement
:hat, at jeast for landfills, the samples must be collected
by acertified [ab. There are no techrucal requirements
as to qualification, ability, or experience of the peopie
actuaily collecting ground water samples, and we are
iooking at that question right now because. as I said.
we ‘aw seen a jot of peopie who try to get S0 gallons a

nute out of a 2-inch well; and it’s obvious after
. <'rethere five minutes with them, they have poidea
~nat they are trving 10 do.

= mthe Floor: How can vou rationalize taking ground

~ater ~amples and comparing your data when you
har< aosoiutely no ides of how much solids are in the
sample and the solids give you a variability far beyond
anything eise that you can even conceive? If the shoe
were on the other foot and | were the one standing up
there telling you that | wanted to sample and keep my
solids 1n it and you were sitting back here as a regula-
tor, you would not allow me to do that because the
variability in the sampies would be beyond anything
that vou could see; and yet, you're telling me that
that's what you want to do. [ can conceive in my own
mind from an analytical point of view how you can get
alarge variable amount of solids between wells and in
the same well even if you sampie one n;ht after the
other and compare that data.

Trela: ] think if that's happening, there are other kinds of

problems going on.

From the Floor: [ donY care about the levei or how much

problem there is. What I'm talking about is an analyu-
cal technique of compuin. your data when you have
a variable in there that you're analyting that you have
absolutely no control over and it's representative of
what you took out of the weil.

Treis: What you're saying, the solution to the variable

that's uncontroliable is to filter it out so you dont have
to deal with it.

From the Floor: In some cases, it is.
Trela: The point is that peopie use the concepr of filtering

the sampie as an excuse for bad well construction.
That's a very common thing.
ing that.

sampling or spend extra money where it wasa\ rea-
sonably prudest t0 do so. There is a hisrarchy of

analysis.
From the Floor: We argue about a well casing absorbing

miniscule amounts of material, and here we are talking
about solids here that are totally variadle.

Treia: | thunk’the point that you're not thinking about, at
least from my perspective, is that when you get this
sampie out of the well, you have colloids in it and you
have solids. You're drawing a conciusion that every-
&hxngmu‘smt.huohd\vsmtbuohdwhenumm
the ground and that everything that's in the solution
was in the solution when it was in ground. [ think
that's just as incorrect as taking the other perspective
and saying dissolve everything and put it in solution.
What 1 have recommended bere is that you do the

ANA:58. 2o the sz amp g Tt L0 T

From the Floor: % ; 7@ YCU yOUI presipadn.It a-.
oxidat:ca. That goes without sayiag. That s iton
chemistry. No problem there. ™ ~at 'maienga~ -
are coiloidal suspensions that are smail dut »¢
see them; and ['m aiking about the vamab:iity
weil to well. And f vou take the tocal ana)vsis, zart,
larly 0n your metais and run them, vou're going 10 gat
a vanabulity in your data that's going to be irrecz-c:.-
able no matter what you do.

Trela: It may or may not be, depending =501 the iz =a.
tion and how Many metals are in there Let's gt nid of
a ot of other tlungs.

From the Floor: If you want to kaow abou: tRe 520, "2
give you 8 soil sample and the anaivsis, and | wsa
argue about that,

Trels: What do you do with the water that's in ine 50,07

From the Floor: That's in your water samgpie.

Treta: That's the reciprocal situation. If [ take a sore ou:
and it's saturated and { ask for a soil anaiysis, #1a: o
you do with the water?

From the Floor: Either you filter it or you dry it.

Trela: Will [ get the same answer whether or not you fiiter
it or dry it?

From the Floor: Maybe not.

Trela: Probably aot
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FIELD FILTRATION POLICY FOR MONITORING WELL GROUNDWATER 3AMPLES
REQUIRING METALS ANALYSIS

Toe adjectiver of this directive are: (1) to formally uate Region OI RCRA and CERCLA pudcy wiuch ...'...:a
Soth (litere:d and uafiltered groundwater sampiss for metal analyses; (2) to outling appropnace exczpocas (o ine

carle o wad (3 o mwﬂewdumfmmﬁddﬁhxm procedure.
St Aemmdmmnwnmmmmwumnm UL A T
e wd SNyt e direcuve mithis N6 COBITECIO! CIPAANILON (O IPPTOPABIS PIUjact MARSEES M €iS .« Aoaac:

ecx... . :ras of metal contaminants measured in unfiltered groundwater represeat the (otal metals prese. . e
~zpie. Filtered samples represeat dissolved metals conceatratios and are ofica more represeaiatve o = Jue
toulamacation (see exceptions below). Momicoring wells sometimes producs furbid water (water soaiainiay
sypended solids). mmaunmmdm‘mmmrﬂmuqmpum
st poot design and mitial development of the weil. When particles coataining metal species ace suspeaded o the
,,u.n«u\..eruducnam disscive whea the sample is preserved to a pH <2 High leveis of

Sanganese, and iros ia samples often iadicate the presence of these partices. 'Wibout
_acentratioas of this mobile matal costamination in the groundwater are often over ssimated.
[Z: . .. .Uis occessary to taks both fitervd and safiftered samples to fuly characterize the Lot i ir Ll
" “; 2n site. Siace acd (low pH) may distort the distribution of metals between pardculate wad - -0 ... .
sreservatica for disscived metals samples must be performed after fltration Because 15 .- — e
soiubity of metals, Sitraticn must occwr immedistely after sampling.

1he exceptions 10 the policy requiring both filtered and uafiltered samples are:

Site speclfic geologic conditioas where groandwater may trassport large pasticulates acd . ¥
samples are represcotative of mobile groundwater quality (for example, karst :efrain cr cou. o 2vci ¢
These site cooditions must be fully discossed a0d documented ia the Quality Assurance P:o,.o i not (JAF,C.

I When tbere is sufficiest historical date (2 minmum of four cousecutive quarters) fruw the e wotitorng
wells :Bat are (0 be sampied, tasa thess wells may fall into one of the foic ing excepuun catcguncs:

»

1. if the historical iaformation shows that the and anghu meknds are (Be WaDe @ 88 It 0
be used a8 futwre sampling ovenm, thea either or SAm, .8 & IPpICLNAe 1 WiE usiofival
dats ase sossptable for future sampling in thess wells.

b. If the hissarieal information shows lacoasistency berweea the fillered and uaflitered Jaia, uoc gh cveis i
Aumioms are pressat i the uafilered data, oaly fitered sampies are needed

SOTE: Extrapoletion of kistorienl data frem ¢ limited number of wells to all the weils a¢ the vite i . .

without o clenrly justified ratiocanie All deviatiens from takiag BOTH filtered and unllitered grouc.:..
samples {or metals muast be fully described and jastified in the QAPYP.

TECHNICAL GUIDANCE FOR Fil RATION OF MONITORING WELL SAMPLES FOR METALS . - .L\218
Designate an area ia which tt tion process is (o take place. This arca must bave an ciomont aad Cusle

free emvirooment. Whza il - *paratus is not in use, keep it .. .¢ic ! i0 protet [1om LuDUFRE furlv.ci.
Use cuther aglass or ;3 .- pparatus. Staaless steel is uaac. , able since it wur contutiiilc oz
sarapies.

(over)



